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I. Acute stoke imaging algorithm






• 1.9 million neurons die each minute in which stroke is 
untreated
• But it depends on if you are a slow, moderate or fast 




Success of acute stroke intervention depends on :
– Patient selection




Acute Stroke – Clinical Evaluation
• Neurological exam
– National Institutes of 
Health Stroke Scale
• Time of symptom onset
– < 3 – 4.5 hrs IV tPA
– < 6 hrs IA therapy
• tPA inclusion / exclusion
– ACEP/AAN (2013)
ECASS III study
Hacke W, At al NEJM, 2008
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• National Institutes of 
Health Stroke Scale 
(NIHSS)
Score:
0 : No Stroke
1- 4 : Minor Stroke
5 – 15 : Moderate Stroke
16 – 20 : Moderate to Severe
21 – 42 : Severe Stroke
Eleven-category assessment, assigning different point 




Acute Stroke – Clinical Evaluation
• Neurological exam
– National Institutes of 
Health Stroke Scale
• Time of symptom onset
– < 3 – 4.5 hrs IV tPA
– < 6 hrs IA therapy
• tPA inclusion / exclusion
– ACEP/AAN (2013)
ECASS III study
Hacke W, At al NEJM, 2008
The other clinical component is the time of stoke. There are multiple studies 






Interpretation (Goal 15 minutes)
Neurologist arrival 
History and NIHSS assessment
ICH No ICH














• Door to CT and CT read time àGoal =15 minutes








Interpretation (Goal 15 minutes)
Neurologist arrival 
History and NIHSS assessment
ICH No ICH














• Door to CT and CT read time àGoal =15 minutes
• Door to Needle (tPA) à Time Goal = 30 minutes 
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CT signs of ACUTE stroke:
• Hypoattenuation
• Loss of gray white 
matter 
differentiation
• Sulcal effacement 
and mass effect
• Hyperdense vessel 
sign (MCA, dot-M2)
23
Loss of gray white matter 
differentiation




CT signs of ACUTE stroke:
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What CT acute stroke 
finding shown?
a) Insular ribbon sign
b) Loss of gray white 
matter differentiation









• Alberta stroke program early CT score (ASPECTS)
Practical points:
• Total 10 MCA territory allotted where 
each area equals to 1 point
• Normal CT scan receive a score of 10 
points
• A score of <7 is equal to one-third of 
the MCA territory
• A score of zero indicates diffuse 



































• Alberta stroke program early CT score (ASPECTS)
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Question 1:
Which of the following 
most likely makes a patient 
ineligible for IV tPA?
a) No findings on head CT
b) Stroke onset 4 hrs
c) ASPECTS score of 2















Determine site and size of occlusion
• Bad prognosis: Proximal occlusion
• Bad Prognosis: Large thrombus
• Consider mechanical embolectomy




• Good collaterals: Smaller baseline infarct core, reduced final infarct 
volumes and larger mismatches at triage
• Poor collaterals: Larger core and quicker infarct growth



















• CT perfusion (CTP) has emerged as a valuable tool in the 
management of acute stroke, providing essential 
quantitative information on the extent of the irreversibly




• Core: Irreversible injured tissue
• Penumbra: at risk, but 
salvageable, if reperfusion 
occurs







• Time of arrival of the contrast (TA)
• Time to Peak (TTP)







• CBF: Cerebral blood flow (nml 50-60ml/100gr/min)
• CBV: Cerebral blood volume (2-5mL/100g tissue)
• CBF = CBV / MTT
Time-sensitive:
• MTT: Mean transit time (3-5 sec, needs 
deconvolution)
• TTP: Time to peak (maximum contrast variation)
• TTP = Tmax: Time to max (sec, needs deconvolution)
• TA: Time of arrival of the contrast agent 
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The quality of perfusion is affected by numerous 
factors (injection velocity, hemodynamic)
CT Perfusion





• Core = Infarcted tissue, CBF or CBV can be used
– Core < 70mL – 100mL preferred
– CBF used for determining infarct core CBF < 30%
• Tmax > 6 sec used for tissue likely to die if not re-perfused (salvageable tissue)
– Tmax 4s - 6s unlikely to die
• Mismatch radio > 1.8 or 15mL absolute between core and tissue at risk
• Malignant profile: Edema hemorrhage, rapid enlargement, poor outcome, poor 
collaterals
– Tmax> 10 sec, >100mL (large infarct)
• HIP = Hypoperfusion Intensity Ratio: Evaluates portion of Tmax > 6 s with Tmax > 10 s
– Large fraction with >10 s associated with poor outcome after reperfusion
– HIP = < 0.4 good collaterals



















CBF<30% (Core) = 0 ml (<70mL)
Tmax>6sec = 15 ml (Salvageable tissue)
Mismatch ratio = inf  (>1.8 )
Malignant profile if Tmax>10s is >100ml
























CBF<30% (Core) = 11 ml (<70mL)
Tmax>6sec = 13.2 ml (Salvageable tissue)
Mismatch ratio = 1.2  (>1.8 )
Malignant profile if Tmax>10s is >100ml
















• Early hyperacute: 0 to 6 hours
• Late hyperacute: 6 to 24 hours
• Acute: 24 hours to 1 week
• Subacute: 1 to 3 weeks
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